Tryptases secreted by tissue mast cells and basophils can enter the bloodstream. In human subjects tryptases are encoded by several genes and alleles, including α, β, γ, and δ. Common variations include complete absence of α genes. Until recently, α tryptase was considered to be the major tryptase secreted at baseline and in mastocytosis. However, lack of α tryptase genes has little effect on circulating tryptase levels, which are now thought mainly to consist of inactive pro-β tryptase secreted constitutively rather than stored in granules with mature tryptases. Pro-β tryptase levels thus might reflect total body mast cell content. In contrast, mature β tryptase can increase transiently in severe systemic anaphylaxis and confirm the diagnosis. However, it might fail to increase in food anaphylaxis or might increase nonspecifically in samples acquired after death. Thus pro-and mature β tryptase measurements are useful but associated with false-negative and false-positive results, which need to be considered in drawing clinical conclusions in cases of suspected anaphylaxis.
Tryptase Genes: Multiplicity and Variation
All known human mast cell tryptase genes lie in a compact cluster near the end of the short arm of chromosome 16 3,4 containing TPSAB1 (α and β1 alleles), TPSB2 (β2 and β3 alleles), TPSD1 (δ alleles), and TPSG1 (γ alleles). The TPSAB1 and TPSB2 sites harbor alleles of classical soluble α and β tryptases. The surprise finding from dissection of this part of the locus is that the α allele, which was once presumed to occupy its own locus, occupies a site shared with β1 alleles. A key prediction of this interpretation of the genetic data is that individuals inheriting 2 β1 alleles at this site will be α null and that considering potential α and β alleles at the TPSAB1 (α or β) and TPSB2 (β only) sites, there are 3 fundamental genotypes: αα:ββ, αβ:ββ, and ββ:ββ. This prediction has been validated by identification of substantial subpopulations that are genetically deficient in α tryptase or that carry just one α gene. 5 Furthermore, the commonly used human mast cell line HMC-1 does not contain an α gene, 5 does not express α tryptase, and presumably derives from an α-null donor. Identification of α-null individuals further allowed testing of the conventional wisdom that α tryptases make the main contribution to baseline levels of circulating tryptase, which turns out not to be the case. 6 This prompted searches for alternative explanations of the immunoassay results on which original interpretations were based, as discussed below.
The TPSD1 site contains tryptase alleles that are transcribed at a low level, but the protein product is C-terminally truncated. 4 At present, there is no evidence that δ tryptase appears in serum or that it plays a biologic role. The latter seems unlikely given that it has very little proteolytic activity, 7 which is consistent with the phylogenetic evidence that δ is a chimera created by a gene conversion event involving an α/β-like tryptase gene and a gene similar to mouse tryptase mast cell protease 7. 4 The TPSG1 site encodes γ tryptase, which is expressed by some mast cells but is not as closely related to α/β/δ tryptases as those tryptases are to each other. 8 Its most distinct feature is a C-terminal peptide membrane anchor, which tethers γ tryptase to the mast cell surface after exocytosis. There is no evidence that γ tryptase is released or shed in a soluble form. Thus it might be incapable of joining the pool of circulating tryptases after anaphylaxis. Its role is uncertain, but studies of engineered, soluble versions of human γ tryptase suggest that it is an active peptidase that stimulates IL-13 production and promotes bronchial hyperresponsiveness when added to mouse airway. 9 Another nearby gene is a pseudogene corresponding to tryptase-like mastin, 3 which is expressed in mast cells of dogs, pigs, and mice but not in mast cells of human subjects.
Considered as a whole, the multigene human tryptase locus encodes a variety of tryptase-related genes, some classical and some crippled or converted to pseudogenes. Only α and β tryptases, which are the focus of the remainder of this update, are likely to contribute to circulating tryptase levels and to systemic features of anaphylaxis.
A Wide Functional Divide Between α and β Tryptases
Relatively minor differences in amino acid sequence between α tryptase and various β tryptases 10 cause major differences in activation, secretion, and activity (Fig 1) . α Tryptase appears to have a propeptide mutation that hinders removal and activation. 11 This has several consequences, including failure to adopt an active conformation and to accumulate in secretory granules. Instead, inactive monomeric proenzyme diverts to a constitutive secretion pathway. 6 This is also the fate of unprocessed pro-β tryptase, which can be a large fraction of total tryptase output. 6 Thus baseline immunoreactive tryptase in serum is now thought to consist mainly of pro-α and pro-β tryptases, with the latter making the major contribution, given that levels of immunoreactive tryptase change little in individuals without α genes. 6 The situation can be expected to be similar in anaphylaxis. Because α tryptase is not stored, it will not contribute to an increase in tryptase levels with acute mast cell degranulation. α Tryptase has an additional defect in its catalytic domain, 12 which severely limits activity in preparations of enzyme in which the propeptide was artificially removed. In summary, α tryptase is not stored and seems to be doubly disadvantaged by defects in activation and catalytic domains. Therefore α tryptase is not a useful marker of mast cell burden or acute activation and is less likely than β tryptases to play a causative role in the pathophysiology of anaphylaxis.
Changes in Serum Levels of Tryptases in Systemic Anaphylaxis
The concentration of total serum tryptase increases after severe anaphylaxis and anaphylactoid reactions. 2 The increase in total tryptase levels often, but not always, correlates with an increase in histamine levels. Part of the explanation of the imperfect correlation appears to be a difference in time course, with the increase in plasma histamine level being earlier and more transient. 13 Tryptase levels are more likely to increase in severe than in mild reactions. For example, in insect sting challenges an increase in serum tryptase levels correlates with hypotension. 14 Therefore a normal tryptase level does not rule out anaphylaxis, but it does make severe anaphylaxis less likely if the sample is drawn within a few hours of the onset of symptoms. Greater specificity in the diagnosis of anaphylaxis might be gained from selective measurement of mature β tryptase in addition to total tryptase (pro-β and pro-α tryptase plus mature β tryptase). Discrimination between mature β tryptase and total serum tryptase is particularly likely to be helpful when anaphylaxis occurs in the setting of systemic mastocytosis, 15 in which baseline levels of protryptase tend to increase. Increases of serum tryptase levels in postmortem and forensic cases can support anaphylaxis as a cause of sudden infant death syndrome and other cases of unexplained death. However, serum levels of tryptase can increase nonspecifically shortly before death in trauma and other cases of severe illness, thereby increasing tryptase concentrations in samples obtained after death. 16 Thus a high serum tryptase level in a postmortem specimen by itself might be inadequate to establish a diagnosis of anaphylaxis without other supporting clinical evidence.
Failure of Tryptase Levels to Increase in Food-Induced Anaphylaxis
Tryptase levels might be normal in food-induced anaphylaxis. In part, this could be a timing issue. Compared with bee venom-induced anaphylaxis, food-induced anaphylaxis can be slower to develop and more sustained and is more likely to be biphasic, resulting in less of a spike in tryptase level. 17 To the extent that mast cell degranulation in food-induced anaphylaxis is limited to the gut, as suggested by a mouse model, 18 there might be less tryptase release overall compared with truly systemic release. In this regard it is worth noting that mucosal mast cells tend to have less tryptase per cell than skin mast cells, 1 despite similar levels of histamine, which is perhaps another reason that serum tryptase levels increase less dramatically in gut anaphylaxis. Furthermore, some tryptase might end up in the gut lumen rather than the bloodstream (as is true of mast cell protease in a model of intestinal anaphylaxis in parasitized rats challenged with worm antigen 19 ). Activation of gut basophils, rather than mast cells, is another potential reason for an increase in histamine level without a concomitant increase in tryptase level. Finally, some food-induced "anaphylaxis," especially after ingestion of bacterially contaminated fish, is really histamine poisoning, which is easily mistaken for allergic anaphylaxis and will not be associated with an increase in serum levels of β tryptases.
Involvement of Tryptases in the Pathogenesis of Anaphylaxis
Although several of lines of evidence in animals and human subjects suggest a role for tryptases in the pathogenesis of asthma and allergic inflammation, 20,21 there is no direct evidence of a role for tryptases in shock and other clinical manifestations of anaphylaxis. Speculatively, tryptases contribute to the pathology of anaphylaxis by spreading the degranulation signal from mast cell to mast cell. 22 In theory blood-borne tryptase could spread the signal throughout the body, but there is no evidence that tryptase in plasma is catalytically active. Tryptases can increase the egress of plasma from blood vessels by inactivating procoagulant proteins 23 and promoting fibrin clot lysis 24 and can promote bronchoconstriction, 25 which could give them a role in rash, tissue swelling, and bronchospasm in anaphylaxis. With specific regard to anaphylactic shock, the time course is such that the increase in tryptase level in blood occurs later than the onset of shock and rash and well after the serum histamine peak. 13 Therefore the appearance of tryptases in blood most likely reflects mast cell activation in a variety of tissue locations but is not itself a cause of anaphylactic shock.
FIG 1.
Activation and secretion of α, β, and γ tryptases. Catalytically inactive protryptases in the endoplasmic reticulum (ER) follow regulated or constitutive secretory pathways. β Tryptases processed by removal of the propeptide are assembled into catalytically active, heparinstabilized tetramers and stored within the mast cell secretory granule, along with other preformed mediators. γ Tryptases activated by propeptide removal remain membrane associated. α Tryptases, which have a mutation preventing removal of the propeptide, are directly secreted, along with residual pro-β tryptase. On secretion, some mature β tryptases make their way to the bloodstream, where they are detected by tryptase immunoassays, along with secreted pro-α and pro-β tryptase. On release from the secretory granule, γ tryptase remains attached to the external surface of the mast cell plasma membrane.
